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USE OF A REFLECTIVE ULTRAVIOLET IMAGING SYSTEM (RUVIS) ON 
TWO-DIMENSIONAL DUST IMPRESSIONS CREATED WITH FOOTWEAR 
ON MULTIPLE SUBSTRATES 
 
 
BRIAN AARON ENGELSON 
 
ABSTRACT 
 Footwear impression evidence in dust is often difficult to locate in ambient light 
and is a fragile medium that both collection and enhancement techniques can destroy or 
distort. The collection of footwear impression evidence always begins with non-
destructive photographic techniques; however, current methods are limited to oblique 
lighting of the impression followed by an attempt to photograph in situ12,15,17. For the vast 
majority of footwear impressions, an interactive collection method, and thus a potentially 
destructive procedure, is subsequently carried out to gather the evidence18. Therefore, 
alternative non-destructive means for the preservation and enhancement of footwear 
impressions in dust merits further attention. 
Previous research performed with reflected ultraviolet (UV) photography and 
reflected ultraviolet imaging systems (RUVIS) has shown that there are additional non-
destructive methodologies that can be applied to the search for and documentation of 
footwear impressions in dust34,36,37. Unfortunately, these prior studies did not include 
robust comparisons to traditional oblique white light, instead choosing to focus on 
different UV wavelengths. This study, however, seeks to evaluate the use of a RUVIS 
device paired with a 254 nanometer (nm) UV light source to locate 2-D footwear 
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impressions in dust on multiple substrates against standard oblique white light techniques 
and assess the visibility of the impression and amount of background interference 
present. The optimal angle of incident UV light for each substrate was also investigated. 
Finally, this study applied an image enhancement technique in order to evaluate its 
usefulness when looking at the visibility of a footwear impression and the amount of 
background interference present for enhanced white light and RUVIS pictures of 
footwear impressions in dust. 
 A collection of eight different substrate types was gathered for investigation, 
including vinyl composition tile (VCT), ceramic tile, marble tile, magazine paper, steel 
sheet metal, vinyl flooring, wood flooring, and carpet. Heel impressions were applied to 
the various substrates utilizing vacuum collected dust and normal walking pressure. Each 
substrate was then explored and photographed in ambient fluorescent light, oblique white 
light at 0°, 15°, 30°, and 0° with the light source below the surface plane of the substrate, 
and 254 nm UV light at 0°, 15°, 30°, 45°, 60°, 75°, 90° and 0° with the light source 
below the surface plane of the substrate. All pictures were evaluated for clarity and 
visible detail of the footwear impression and the amount of background interference 
present, selecting for the best images within a lighting condition group. Additional intra- 
and intergroup comparisons were carried out to explore differences created by the various 
lighting conditions. Enhanced images were then created with the best scored pictures and 
evaluated for additional modifications in impression visibility and background 
interference.  
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 Photographs of footwear impressions in dust illuminated with ambient fluorescent 
light proved to be the most difficult conditions under which a footwear impression could 
be visualized. However, both oblique white light and 254 nm UV light lighting 
conditions showed improvements in either visualization or background dropout, or both, 
over ambient light conditions. An assessment of the white light and 254 nm UV light 
RUVIS images also demonstrated that the best angles for the light source for all 
substrates were oblique 0° and oblique 0° below the surface plane of the substrate 
lighting. It was found that white light photographs generally provided higher visibility 
ratings, while RUVIS 254 nm UV light photographs provided better grades for reducing 
background interference. Enhanced images of white light conditions provided generally 
poorer quality and quantity of details, while enhanced RUVIS images seemed to improve 
upon these areas. 
  The use of a RUVIS to capture photographs of footwear impression evidence in 
dust was found to be a successful secondary non-destructive technique that can be paired 
with traditional oblique white light procedures. Additionally, the use of below the surface 
plane of the substrate lighting techniques were found to improve either visibility or 
background dropout, or both, over standard 0° oblique lighting, depending on the light 
source, and should be employed, when applicable. Finally, further investigation into 
digital photo-editing enhancement techniques for footwear impression evidence in dust is 
needed. 
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1. INTRODUCTION 
1.1 Footwear Impression Evidence 
The forensic analysis of footwear impression evidence has been documented for 
more than 230 years, dating back to 1786 in Scotland with the Richardson murder case1–3. 
Over the past two centuries, footwear impression evidence has been recognized as one of 
the most commonly found types of physical evidence at crime scenes and can provide a 
direct link to an individual; however, only a small portion of the total number of footwear 
impressions present are actually located and documented4–7. There are several aspects 
surrounding footwear impression evidence that contribute to the difficulty in determining 
its presence and its collection. A few of these factors, as documented throughout the 
forensic literature, include the reality that footwear impression evidence is hard to locate, 
difficult to visualize completely when located, latent or nearly invisible in ambient light, 
easily destroyed, presented in a large variety of substances, subject to contamination, 
dependent on the experience and training of the individual searching, collecting, or 
analyzing it, and typically undervalued4,7–11. A better understanding of these challenges 
requires looking at how and where an impression is created. 
A footwear impression is dependent upon the interaction between a given shoe 
and substrate, where some physical contact has taken place6,12. This is known as Locard’s 
exchange principle, where the contact of two objects with one another leaves a trace upon 
each of the items3,12. These physical interactions result in the transfer of trace or residue 
materials, the formation of partial static charges, or the direct deformation of the 
receiving surface4,13. Further classification of impressions categorizes them as either two-
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dimensional (2-D), having only width and length, or three-dimensional (3-D), having 
width, length, and depth; an additional sub-categorization for 2-D impressions is to define 
them as having a dry or wet origin6,7,13,14. Whereas a 3-D impression creates a noticeable 
deformation in a surface, the inherent lack of depth associated with 2-D impressions 
makes them somewhat more susceptible to the host of issues related to being located, 
collected, and preserved, especially those made in dust. In particular, the act of locating a 
2-D impression at a crime scene poses a challenge, despite the fact that the possibility of 
a 2-D impression being present, of either dry or wet origin and on any type of substrate, 
is fairly high (Table 1)4. 
Table 1. Likelihood of Detectable Footwear Impressions Occurring on Different Two-Dimensional 
Shoe/Surface Combinations, as described by Bodziak4. The definitions for Bodziak’s ratings are as 
follows: “very likely” relates to an almost certain occurrence of a footwear impression; “likely” relates to a 
reasonable chance of a footwear impression; and “unlikely” relates to a situation where it is not likely, but 
still possible to have a footwear impression.4 
SURFACE Damp or 
Wet Shoes 
Shoe with 
Blood, Grease, 
Oil, etc. 
Dry Shoes 
with Dust or 
Residue 
Clean Dry Shoe 
(no dust or 
residue) 
Carpet unlikely very likely likely unlikely 
Dirty floor with 
accumulation of dust, 
dirt, or residue 
likely very likely unlikely unlikely 
Relatively clean, but 
unwaxed floor likely very likely very likely unlikely 
Clean waxed tile or 
wood floor likely very likely very likely likely 
Waxed bank counter, 
desk top, etc. likely very likely very likely likely 
Glass very likely very likely very likely likely 
Kicked in door very likely very likely very likely likely 
Paper, Cardboard, etc. very likely very likely very likely likely 
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1.1.1 Detection, Collection, and Enhancement of Footwear Impressions 
 Simply acknowledging that footwear impressions are likely to be present at a 
crime scene is the first step towards detecting them. It is also valuable to recognize that 
footwear impressions are going to be located throughout the entirety of the scene, and to 
consider that the most probative footwear evidence is typically found where the crime 
took place: near a point of entry (e.g. a door or window), in areas adjacent to the point of 
entry, along defined pathways through the crime scene (e.g. a hallway directly off of a 
single access point room), near a point of exit, near a victim, and/or in close proximity to 
other observed footwear impressions4,15. 
 When ambient light conditions are not sufficient to fully visualize the details of an 
impression, the use of oblique lighting is recommended7,8,12,15,16. The Scientific Working 
Group for Shoeprint and Tire Tread Evidence (SWGTREAD) defines oblique lighting as 
illumination from a light source that is at a low angle of incidence, or even parallel, to the 
surface of the item and is synonymous with side lighting17. This technique creates better 
visibility by reflecting more light off of a 2-D impression and helps create shadows to 
provide better contrast between high and low points in 3-D impressions4,12. Once located, 
photographs can be taken of the footwear impressions while utilizing the oblique lighting 
(Figure 1 and Figure 2). 
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Figure 1. Oblique lighting of a 2-D impression. 
 
 
Figure 2. Oblique lighting of a 3-D impression. 
 
 The collection of footwear impression evidence always begins with non-
destructive photographic techniques, both those meant to document the condition of the 
scene and those intended to be used as examination quality photographs for later 
Camera 
Light Source 
Impression 
Camera 
Impression 
Light Source 
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comparison12,15,17. If a footwear impression is present on an object that can be transported 
to the crime laboratory for examination, then the entire object may be collected. For the 
vast majority of footwear impressions, an interactive collection method, and thus a 
potentially destructive procedure, is carried out to gather the evidence18. Collection of a 
2-D impression can be performed with either a gelatin lifter or electrostatic dust lifter 
(ESDL), while 3-D impressions can be cast with dental stone6–8,14,17,18. Once collected, 
the footwear impression evidence may be subject to an enhancement procedure. For 
castings, this enhancement is limited to utilizing photography paired with oblique 
lighting, whereas 2-D impressions may undergo one or more subsequent processes. 
 There are three general categories for 2-D impression enhancement: photographic, 
physical, and chemical10. Photographic enhancement is typically employed after a 
physical enhancement application has been successfully applied and requires the use of 
various lighting techniques to increase the level of visible detail and/or involves later 
digital enhancement of an image with photo-editing software6. There is some overlap 
between the concepts of physical collection and physical enhancement, whereby the 
ESDL employs a black Mylar background against which dust or light colored residue 
shows up very clearly, and gelatin or adhesive lifters of either a black or white 
background are used depending on the color of the impression media10,17,18. Other 
physical enhancement techniques described in the literature are cyanoacrylate fuming and 
the use of fingerprint powders on various wet or dry origin impressions and residues8,19,20. 
Chemical enhancement techniques involve a variety of different reagents, meant to take 
advantage of a chemical reaction with the impression media to provide better visibility of 
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detail and contrast against the substrate10,21,22. Once again, the physical and chemical 
enhancement techniques are directly interactive with the impression evidence, which run 
the risk of being destructive23, and therefore it is imperative to document the impression 
through photography before any processing occurs. Ultimately, any enhancement that 
occurs must also be documented. These comparative quality photographs are used along 
with the collected and enhanced impressions for later analyses. 
 
1.1.2 Overview of Footwear Impression Examination 
In the United States, the national guidelines for footwear impression evidence are 
presently overseen by the Footwear and Tire Subcommittee of the Organization of 
Scientific Area Committees (OSAC) for Forensic Science, which is governed by the 
National Institute of Standards and Technology (NIST)24. Prior to the formation of the 
OSAC Footwear and Tire Subcommittee, SWGTREAD created the guiding documents 
for footwear and tire evidence, which remain in use at the time of this writing. These 
guidelines include recommendations based on peer-reviewed research in the field, as well 
as input from recognized practitioners and experts in the areas of footwear and tire tread 
evidence. 
Among the SWGTREAD guides is a document that provides information about 
how to properly conduct an examination of footwear and tire impression evidence. An 
extremely important aspect of this guide is that it documents the need to verify class 
characteristics and individual characteristics of the evidence. A class characteristic in 
footwear is a design feature of a footwear outsole that is repeated as part of the 
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manufacturing process, like size, outsole design, general shape, color, or material3,25,26 An 
individual characteristic in footwear refers to details created by use of the shoe, such as 
areas of erosion on the outsole (i.e. wear), rock holds, cuts, gouges, friction feathering 
(i.e. Schallamach patterns) or unique details imparted during manufacturing, such as air 
bubbles, incomplete molding, or pattern interruptions3,25,27,28. Footwear examiners look 
for the correspondence of both class characteristics and individual characteristics, as well 
as the quality and quantity of details, when they perform their evaluations3,6. This process 
is by no means trivial, and garners a fair amount of attention within the field11. It 
behooves examiners to be familiar with manufacturing processes and to communicate 
with companies about their practices29. Ultimately, the examiner’s information is 
compiled into a report for submission to their client and potential use in court. 
 
1.1.3 Two-Dimensional Impressions in Dust 
Footwear impressions in dust can be created by either the transfer of dust from a 
shoe to a surface or from a dusty surface to a shoe12. While the impression left behind is 
considered 2-D, the dust actually rests on top of the surface with some height. These 2-D 
impressions tend to be highly detailed, but are notoriously difficult to locate and are very 
fragile12,18. As previously discussed, oblique lighting techniques should be employed to 
increase the likelihood of finding these 2-D impressions at the scene. In response to the 
fragility of dust impressions, and the frequently poor visibility and contrast in situ, many 
articles have focused on the interactive collection and enhancement of these impressions. 
Although oblique lighting techniques are mentioned, a focus on ESDL, adhesive lifters, 
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gelatin lifters, and chemical enhancements is more robust. Electrostatic dust lifters have 
proven to be quite effective, as they are considered by some to be non-destructive, 
adequately lift most dust impressions, provide a dark background for higher contrast, can 
be enhanced with oblique light, and have been found to be effective on evidence stored 
for over a decade10,12,30. Other dust impression research has centered on comparisons of 
ESDLs and gelatin lifters18. Additional studies have explored chemical enhancement of 
soil and dust, including a focus on pH responsive compounds, like bromo-phenol blue, as 
well as combinations of chemical enhancement applied after collection with a gelatin 
lifter10,31,32. Unfortunately, the literature seems to pass over explorations of alternative 
non-destructive means for the preservation and enhancement of footwear impressions in 
dust, including the exploration of techniques that increase visibility and have the potential 
to reduce substrate interference effects. 
 
1.2 Reflected Ultraviolet Photography 
All forms of radiation are categorized along the electromagnetic (EM) spectrum 
based on their wavelength, and it is a select few portions of the EM spectrum that are 
typically involved with photography (Figure 3). Most general photography is concerned 
with visible light; however, it is possible to capture images from infrared and ultraviolet 
(UV) wavelengths, which are invisible to the human eye. These infrared and UV images 
often reveal patterns or characteristics of objects that cannot be seen in visible light 
conditions33,34. 
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Figure 3. Electromagnetic spectrum. 
 
The UV band of the EM spectrum extends from approximately 10 nanometers 
(nm) to 400 nm, and can be subdivided into the UVA (320 nm – 400 nm), UVB (280 nm 
– 320 nm), UVC (185 nm – 280 nm), and UVD (10 nm – 185 nm) regions33. These 
regions may be less familiar to the photographer, whose context about UV light may be 
limited to discussions about protection against UV radiation from the sun or the 
germicidal effects of the UVC region. Extended exposure can be harmful and is a 
potential hazard for a photographer working with UV light sources. 
There are two main applications of UV photography described in the literature. 
The first is UV fluorescence, which involves the use of a UV light source to excite an 
item to the point that it emits visible light33–35. It is the visible light that is photographed 
with this application. The second application is reflective UV photography, which 
Gamma Rays X-Rays UV IR Microwave
FM AM
Radio waves Long Radio Waves
Visible Spectrum
400 nm 500 nm 600 nm 700 nm
Electromagnetic Spectrum
~300 nm ~800 nm
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involves shining a UV light source on an object and imaging the absorbed and reflected 
UV light from the object33–35. Reflected UV photography is credited as having been first 
discovered by Robert Williams Wood in 1903, who would later invent the Wood’s lamp, 
a UV light source that emits 365 nm wavelengths, still in use today34. Since its discovery, 
reflected UV photography has evolved immensely. There are a number of filters, lenses, 
UV light sources, and technical setups that have been described and are at the disposal of 
the UV photographer33. Therefore, it is of little surprise that the forensics community has 
adopted some of those techniques. 
Reflected UV photography was modified for forensic identification uses in the 
1970s, and has been described for imaging tissue injuries, such as bite marks and 
bruising, as well as impression evidence and questioned documents35. The advantages of 
this non-destructive technique were that it improved the visibility of its subject matter 
and reduced the amount of surrounding background information through the areas of UV 
light reflection and absorption. In the past, technical limitations have been noted for the 
lens types employed and film utilized, as both can have an inherent UV wavelength cut 
offs in the longwave range of 300 nm – 400 nm34. Newer digital cameras are restricted by 
their sensor chip, but are typically more sensitive than their film predecessors36. 
Additionally, the long waiting periods associated with increased exposure times, the film 
development process, and the need to reshoot a subject with different camera settings due 
to poor image quality of a UV picture was greatly reduced36–38. Also, the advent of a 
quartz lens allowed for the transmission of UV waves smaller than 320 nm to pass 
through the glass material without turning it opaque34. Much like with the photography 
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community, forensic practitioners have described a number of technical setups for 
optimizing their UV pictures. However, despite these advances in technology and the 
reported uses for reflective UV photography, it remains an underutilized technique and is 
often restricted to examinations with longwave UV wavelengths. 
 
1.3 Reflected Ultraviolet Imaging System 
 A noted issue among the forensic application of reflected UV photography was 
that it lacked the capacity for live viewing of a scene and could not utilize the UV range 
of wavelengths in the shortwave region from approximately 200 nm – 300 nm37. A 
solution to both of these issues was the invention of the reflected ultraviolet imaging 
system (RUVIS), which utilizes an image recording device paired with an image 
intensifier to convert UV images to visible pictures. A RUVIS device still takes 
advantage of the same physical principles of reflected UV photography, whereby a 
medium illuminated with a UV light source will reflect and scatter UV light back towards 
the sensor and the substrate will absorb the UV light. This mechanism also allows a 
RUVIS to be used in well-lit rooms, at it only records the UV light. Several types of 
RUVIS devices have been created based on these principles, such as the Hamamatsu 
Intensified Ultraviolet Viewer (Hamamatsu Photonics K.K., Hamamatsu, Japan), 
UVCorderÔ (Oculus Photonics, Santa Barbra, CA), and SPEXÒ Forensics SceneScope 
Advance SC-VIEWER-AD (-220) (HORIBA Jobin Yvon, Inc., Edison, NJ). These 
devices all share the same underlying purpose, but they differ in their capabilities and 
responsive ranges. 
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1.3.1 SPEXÒ Forensics SceneScope Advance SC-VIEWER-AD (-220) 
 The SC-VIEWER-AD (-220) is a RUVIS device that is designed to work with 
shortwave 254 nm UV light sources. It is composed of a 60 millimeter (mm) quartz 
photographic lens, a UV intensifier that converts UV light to green visible light, and a 
dual slide filter with both an interference bandpass filter at 254 nm and a luminol filter at 
450 nm39. This apparatus can be configured with a digital single-lens reflex (DSLR) 
camera to capture images of probative value in a safe, non-destructive manner (Figure 4). 
Although the SC-VIEWER-AD (-220) can be utilized with a variety of evidence types, it 
is primarily described as a fingerprint evidence search and enhancement tool, that should 
be used with smooth, non-porous surfaces and can be paired with cyanoacrylate fuming39. 
Of note is that the manual mentions the capability to locate and photograph footwear 
impressions in a non-destructive manner39. 
 
Figure 4. Configuration of SC-VIEWER-AD (-220) with DSLR and pathways of UV light and green 
visible light. 
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1.3.2 Forensic Applications of RUVIS 
 Similar to forensic applications of reflected UV photography, RUVIS has been 
described in the literature for use on wound patterns, trace evidence, questioned 
documents, crime scene searches, fingerprints, and footwear impressions37,40,41. This 
breadth of applications is due to the fact that RUVIS relies upon the reflection and 
scattering of UV light by a medium on a smooth, non-porous substrate. The greatest 
utilization of RUVIS is associated with fingerprint searching and enhancement, typically 
with cyanoacrylate fuming34. 
 
1.3.3 RUVIS and Footwear Impression Evidence 
 The use of a RUVIS device to search for footwear impression evidence has been 
reported in the literature34,35,37. However, these articles lack a robust discussion of how to 
optimize a RUVIS for footwear impressions and do not explore the effects of various 
mediums or substrates, often only making passing references to wood or vinyl flooring. 
Work by Richards and Leintz provides a nice background for how to approach footwear 
impressions in dust with a RUVIS device, but they disparage shortwave UV work and 
promote longwave UV evaluations as their preferred choice38,40. Additionally, the 
literature does not examine components of footwear impression media, such as dust 
height, which may be involved in the reflection and refraction of 254 nm UV light for 
visualization with a RUVIS. Altogether, the literature available concerning the use of a 
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RUVIS as a searching tool and non-destructive imaging technique for footwear 
impressions is largely anecdotal and poorly defined. 
 
1.4 Study Objectives 
 It was the goal of this study to evaluate the use of a RUVIS device paired with a 
254 nm UV light source to locate 2-D footwear impressions in dust on multiple substrates 
against standard oblique white light techniques and assess the visibility of the impression 
and amount of background interference present. As part of this first component of the 
study, it was also necessary to explore the optimal angle of incident UV light for each 
substrate. An additional goal was to apply an image enhancement technique and evaluate 
its usefulness for improving visibility of a footwear impression and reducing the amount 
of background interference present in white light and RUVIS pictures. 
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2. MATERIALS AND METHODS 
2.1 Substrate Samples 
 A collection of eight different substrate types was gathered for use, including 
vinyl composition tile (VCT), ceramic tile, marble tile, magazine paper, steel sheet metal, 
vinyl flooring, wood flooring, and carpet. Within the VCT, vinyl, wood, and carpet 
categories multiple versions of the material, differing in color, species, texture, 
construction, or a combination of these features, were selected for exploration. Therefore, 
a sum total of 20 unique substrates was collected. 
 
2.1.1 VCT Tile 
 Four sets of two 12 in. x 12 in. x 1/8 in. VCT tiles (Armstrong Flooring, Inc., 
Lancaster, PA) were purchased and paired based on the manufacturer’s color 
designations of Classic White, Classic Black, Gray-Blue, and Oyster White. 
 
2.1.2 Ceramic Tile 
One pair of beige 12 in. x 12 in. ceramic tiles (Eliane Ceramic Tiles (U.S.A.), 
Inc., Carrolton, TX) were obtained. 
 
2.1.3 Marble Tile 
One 12 in. x 12 in. white marble tile (MS International, Inc., Orange, CA) was 
obtained. 
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2.1.4 Magazine Paper 
A full color paper catalog cover (Lands’ End, Inc., Dodgeville, WI) made of 
recycled paper was collected. 
 
2.1.5 Steel Sheet Metal 
One metal sheet of 12 in. x 12 in. mill finish 22-gauge weldable steel (M-D 
Building Products, Inc., Oklahoma City, OK) was obtained. 
 
2.1.6 Vinyl Flooring 
A sample of trafficMASTERÔ allureÒ (Shaw Industries, Inc., Dalton, GA) 
Aspen Oak Black vinyl flooring measuring 4 1/16 in. x 3 15/16 in. and the Barnwood 
vinyl flooring measuring 4 in. x 3 15/16 in. was collected. 
 
2.1.7 Wood Flooring 
A sample of MillsteadÔ (Millstead Wood Flooring, Johnson City, TN) Maple 
Tawny Wheat and Maple Natural Vintage wood flooring both measuring 4 5/8 in. x 3 1/2 
in., BruceÒ Hardwood Floors (Armstrong Flooring, Inc., Lancaster, PA) Timber Trail 
Maple, Coastal Gray Oak, and Natural Oak wood flooring all measuring 5 in. x 3 9/16 
in., Home LegendÔ (Home Legend, LLC., Adairsville, GA) Wire Brushed Oak Sweeney 
wood flooring measuring 5 1/16 in. x 3 in. and Hand Scraped Hickory Tuscany wood 
flooring measuring 4 3/4 in. x 3 9/16 in., and Heritage Mill Wood Flooring (Heritage Mill 
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Wood Flooring, Johnson City, TN) Cobblestone Plank Cork wood flooring measuring 5 
in. x 3 1/2 in. were collected. 
 
2.1.8 Carpeting 
A sample of trafficMASTERÔ (Shaw Industries, Inc., Dalton, GA) Cobblestone 
Rugby 100% bulked continuous filament (BCF) olefin carpeting measuring 4 1/16 in. x 4 
in. and MohawkÒ Platinum Plus (Mohawk Industries, Calhoun, GA) Double Dutch 50% 
BCF triexta, 50% BCF polyethylene terephthalate (PET) carpeting measuring 4 1/16 in. x 
4 1/16 in. was collected and stored for later use.  
 
2.2 Control Preparation 
 A pair of previously worn Dr. Scholl’sÒ Work Harrington Slip Resistant 
(Caleres, Inc., St. Louis, MO) men’s size 9 shoes were acquired. In addition to existing 
wear characteristics, a series of five individualizing characteristics of mock damage were 
created on both the left and right heel of each shoe. The same types of mock damage 
were created in approximately the same positions on each heel outsole and included three 
areas of gouge damage, two created on individual lugs and one on the inside edge of the 
back-heel area, and two areas of linear cutting damage, one section with a single line and 
one with two parallel lines. Photographs of the heel section containing an L-scale and a 
label indicating footedness were taken for both shoes. An IDÒIdenticatorÒ (Safariland, 
LLC, Jacksonville, FL) LE 25 Inkless Shoe Print Kit was utilized to create control 
footwear impressions of the left heel and right heel, as well as the complete left shoe print 
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and compete right shoe print. The inkless heel impressions were created by wearing a 
single shoe at a time, stepping onto the inkless coater with only the heel portion of the 
footwear, and then stepping onto a sheet of chemically-sensitive impression paper with 
normal walking force. Once the impression was recorded, the outsole of the shoe used 
was wiped clean with a dry paper towel to remove any excess inkless coating chemical 
present, and the impression paper was set aside on a clean benchtop and allowed to fully 
develop at room temperature. The above process was repeated for the impressions of the 
entire outsole of each shoe. 
Within the photography laboratory, a SirchStandÔ (Sirchie, Youngsville, NC) 
copy stand with a Canon (Canon USA, Inc., Melville, NY) EOS Rebel T5i DSLR camera 
paired with a Canon (Canon USA, Inc., Melville, NY) EF 50mm f/2.5 Compact-Macro 
lens mounted to the copy stand’s camera mount was set up for use. The camera was 
connected via a universal serial bus (USB) male-to-male micro-USB B to USB A-type 
cable that was plugged into a MacBook AirÒ (Apple, Inc., Cupertino, CA) laptop. The 
Canon Utilities (Canon USA, Inc., Melville, NY) software, which includes the EOS 
Utility 2 and Digital Photo Professional programs, was used to perform live view image 
capture, remote camera setting changes, image storage, and limited image enhancements. 
A sheet of white bench paper was placed onto the base of the copy stand. Photographs 
with an L-scale and a label indicating footedness were taken of the heel section of each 
shoe, followed by photographs of the fully developed inkless heel impressions, and the 
fully developed inkless outsole impressions. All control images of the shoes and inkless 
impressions were visually inspected for completeness. The general camera set up 
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described above, unless otherwise noted, was utilized for ambient fluorescent and white 
light photographs. 
 
2.2.1 Ambient Fluorescent Light Control Photographs 
Each pair of gray, white, black, and off-white VCT tiles was brought into the 
photography laboratory, where the top of each tile (i.e. visible side of tile when installed) 
was identified and labeled with a small piece of tape and specified as either “Tile 1,” for 
use with right footed heel impressions only, or as “Tile 2,” for use with left footed heel 
impressions only. Starting with the gray VCT tiles, Tile 1 was wiped with a dry 
KIMTECHÒ Science (Kimberly-Clark Worldwide, Inc., Roswell, GA) Kimwipes 
delicate task wiper with Lint GuardÒ anti-static polyshield and placed onto the base of 
the copy stand. It was important to avoid building up a static charge, so the palm of a 
gloved hand was pressed onto the center of a wiped tile to discharge any built up static 
charges. The camera mount, which is positioned at a 90° angle relative to the surface of 
the substrate, was raised to a height of 55 centimeters (cm). A black metal L-scale was 
positioned onto the tile. Using the manual settings of the camera, the white balance, 
focus, ISO, f-stop, and metering were all adjusted as needed and the image was taken. 
This process was repeated for all remaining VCT tiles. All remaining substrates were 
photographed in this manner; however, unpaired substrates, such as the wood, vinyl, 
stone, metal, carpet, and paper were not labeled as Tile 1 or Tile 2. Ambient fluorescent 
light control images for each substrate were visually inspected for their baseline 
properties. 
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2.2.2 White Light Control Photographs 
 A printed image of a 30-degree reference angle unit circle was obtained for use as 
part of an angular reference tool. The accuracy of the angles presented was measured 
with a standard protractor. Additionally, the standard protractor was used to create 15° 
increments so that the angular reference template included 15°, 45°, and 75° reference 
angles. The angular reference template was mounted onto the bottom of a small 
cardboard box and the resulting angular reference tool was checked to ensure that all 
measured angles remained true (Figure 5). 
 
Figure 5. Angular reference tool. 
 
 Within the photography laboratory, the angular reference tool was placed on the 
benchtop behind the copy stand, where all angles were visible. A SPEXÒ Forensics 
(HORIBA Jobin Yvon, Inc., Edison, NJ) Mini-CrimeScope lighting unit was set up with 
the filter wheel turned to the white-light position and the intensity control knob opened 
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approximately 40%. A small piece of tape was placed near the intensity control knob and 
marked to indicate the desired position for use. Beginning with the gray VCT tiles, Tile 1 
was first cleaned with a delicate task wiper, as described above, and then placed onto the 
base of the copy stand with a black metal L-scale and illuminated with oblique white-
light from the Mini-CrimeScope at 0°, 15°, and 30°, as verified by the angular reference 
tool. A photograph was taken for each angle at which the tile was illuminated, utilizing 
the camera setup previously described. The relative distance of the light source was 
documented. This process was repeated for all remaining substrates and the camera 
mount was raised or lowered to the appropriate height to fill the camera frame with the 
substrate. All white light control images for each substrate were visually inspected for 
their baseline properties. 
 
2.2.3 RUVIS Control Photographs 
 A SPEXÒ Forensics SceneScope Advance SC-VIEWER-AD (-220) was 
configured with the Canon Rebel T5i camera in accordance with the SceneScope 
Advance manual39. This configuration was attached to a Manfrotto 190XPROB tripod 
(Manfrotto Distribution, Inc., Upper Saddle River, NJ), via a quick release plate, and was 
placed on the benchtop. The head of the tripod was tilted downwards so that the lens 
system created a 90° angle relative to the surface of the substrate. The tripod with 
attached RUVIS was raised to an approximate height of 93cm and the camera was 
connected to the laptop as previously described. The camera was set to an f-stop of f/8.0, 
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automatic white balance, and evaluative metering, with variable shutter speed and ISO 
depending on the substrate. 
 A SpectrolineÒ (Spectronics Corporation, Westbury, NY) Model EF-140C/12 12-
volt direct current 0.5-ampere 254nm UV lamp with handle was connected to a power 
source and placed on the benchtop. The angular reference tool was placed on the 
benchtop behind the tripod, where all angles were visible. In addition to donning standard 
personal protective equipment (PPE), UV-protective goggles and a UV- face shield were 
worn. The SC-VIEWER-AD (-220) was turned on with the dual filter slide initially in the 
luminol filter position and focused as described in the manual. The f-stop position of the 
SC-VIEWER-AD (-220) was set to f/5.6, while the focal length position was variable. 
Due to the weight of the camera resting on top of the camera lens attached to the SC-
VIEWER-AD (-220), a piece of packaging tape was placed on the focus ring of the lens 
to prevent the fine focus of the camera from changing while photographing (Figure 6). 
Beginning with the gray VCT tiles, Tile 1 was first cleaned with a delicate task wiper, as 
described above, and then placed onto the benchtop with a black metal L-scale and 
photographed in ambient fluorescent light. Next, the dual filter slide was moved to the 
254nm filter position and the tile was illuminated with oblique UV light from the UV 
lamp held at 0°, as verified by the angular reference tool, and photographed. The relative 
distance of the light source was documented. The amount of background dropout of the 
substrate was noted and a live view of the substrate was conducted to ensure additional 
UV light phenomena were not present. This process was repeated for all remaining 12in. 
x 12in. substrates. The above procedure was adopted for use with the copy stand for all 
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other smaller substrates and the camera mount was raised or lowered to the appropriate 
height to fill the camera frame with the substrate. All RUVIS control images for each 
substrate were visually inspected for their baseline properties, including any UV light 
fluorescence. 
 
Figure 6. General RUVIS setup within photography laboratory. 
 
2.3 Sample Preparation 
Vacuum collected dust from a KenmoreÒ (Sears Brands, LLC, Hoffman Estates, 
IL) model 116 vacuum utilized in Boston area apartments was obtained in a vacuum filter 
bag. The contents of the vacuum filter bag were emptied into a plastic storage container 
with a lid and stored at room temperature; all large debris material (e.g. rocks, hair, paper, 
etc.) was removed by hand. 
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Dust was applied to the heel section of the right shoe by hand pressing the heel 
firmly into the vacuum collected dust within the plastic bin; gentle tapping of the outsole 
was used to remove any excess coverage. A visual inspection of the heel area was made 
to ensure full coverage had occurred. Once the dust was applied to the footwear, the shoe 
was placed on the appropriate foot for deposition onto the corresponding tile (i.e. Tile 1 
for right heel impressions and Tile 2 for left heel impressions). The dust impression was 
deposited on the tile with normal walking pressure and gait. 
 
2.3.1 Ambient Fluorescent Light Experimental Photographs 
 Utilizing the same procedure described previously for the Ambient Fluorescent 
Light Control Photographs, all substrates were photographed. Images were later 
evaluated with a rating scale for the presence of a footwear impression (Table 2). These 
same images were also graded with a rating scale for the amount of background 
interference (Table 3). 
Table 2. Rating scale for the presence of a footwear impression. Guidelines for evaluating the presence 
of a footwear impression on a substrate. 
Rating Description 
No A footwear impression cannot be visualized. 
Weak Some amount of the impression can be visualized, but neither class nor 
individual characteristics can be distinguished. 
Moderate An impression can be visualized, but only class characteristics are likely 
to be identified. 
Strong An impression can be visualized, class characteristics can be identified, 
and the potential to identify individual characteristics exists. 
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Table 3. Grading scale for the amount of background interference. Guidelines for evaluating the 
amount of background interference visualized on a substrate. 
Grading Description 
0 No background interference observed. 
1 Low background interference observed, with minimal disruption of the 
impression. 
2 Moderate background interference observed, with mild disruption of the 
impression due to random characteristics and/or textural aspects of the 
substrate. 
3 High background interference observed, with a clear disruption of the 
impression due to patterned characteristics and/or textural aspects of the 
substrate. 
 
2.3.2 White Light Experimental Photographs 
 Utilizing the same procedure described previously for the White Light Control 
Photographs, all substrates were photographed. An additional photograph of each 
substrate was captured with oblique light at a 0° angle, but the light source was 
positioned partially below the surface plane of the substrate. A visual examination of all 
photographs was performed to determine which light source angle used produced the best 
footwear impression image. Images created using the best light source angles were later 
evaluated for the presence of a footwear impression and the amount of background 
interference using the metrics described previously in Table 2 and Table 3. 
 
2.3.3 RUVIS Experimental Photographs 
 A similar procedure to that described previously for the RUVIS Control 
Photographs was used to photograph all substrates; however, each substrate was 
photographed with the UV light source held at 0°, 15°, 30°, 45°, 60°, 75°, and 90° and 
had an oblique 0° below the surface plane of the substrate image taken (Figure 7). A 
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visual examination of all photographs was performed to determine which light source 
angle used produced the best footwear impression image. Images created using the best 
light source angles were later evaluated for the presence of a footwear impression and the 
amount of background interference using the metrics described previously in Table 2 and 
Table 3. 
 
Figure 7. Below the surface plane of the substrate illumination with a UV light source. (A) Horizontal 
rays of UV light positioned closer to surface of substrate. (B) Portion of UV light rays blocked by the 
height of the substrate. (C) UV light rays reflected by dust towards RUVIS. 
 
2.4 Image Enhancement 
 After determining the best angle of reflected light for observation of the presence 
of a footwear impression and the amount of background interference on each substrate, 
these images were converted from Canon’s proprietary RAW format (CRAW2) to TIFF 
format. A single tile from paired substrates was randomly selected as a representative 
option. The selected photographs were imported to Adobe Photoshop Elements 10 
(Adobe Systems, Inc., San Jose, CA) software for editing. 
 
2.4.1 White Light Image Enhancement 
 Once a white light image was transferred to the photo-editing software, the 
following steps were taken: 
Substrate 
UV Light Source 
A 
B 
C 
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1. From the “Enhance” tab, select “Convert to Black and White” to open the 
conversion menu; select the “Urban/Snapshots” option from the list of available 
filters; within the “Adjust Intensity” section, only adjust the contrast slide, as 
applicable. 
2. From the “Layer” tab, scroll down to the “New Adjustment Layer” option and 
select “Invert” from the sub-menu; click the “OK” button that appears with the 
inversion layer pop-up menu. 
3. On the right-hand side of the screen under the “LAYERS” section, click on the 
“Background” layer. 
4. From the “Enhance” tab, scroll down to the “Adjust Lighting” option and select 
“Levels…” from the sub-menu; in the resulting pop-up menu, adjust the black and 
white markers in the histogram, followed by the gray marker in the histogram, to 
adjust the levels to the desired positions optimizing the image. 
 
Enhanced white light images were then saved for evaluation. Images were later 
evaluated for the presence of a footwear impression and the amount of background 
interference using the metrics described previously in Table 2 and Table 3. 
 
2.4.2 RUVIS Image Enhancement 
 Once a RUVIS image was transferred to the photo-editing software, the following 
steps were taken: 
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1. From the “Enhance” tab, select “Convert to Black and White” to open the 
conversion menu; select the “Scenic Landscape” option from the list of available 
filters; within the “Adjust Intensity” section set the Red slider to -200 and the 
Green slider to +200, while the Blue slider and Contrast slider can be set as 
needed for the best image. 
2. From the “Layer” tab, scroll down to the “New Adjustment Layer” option and 
select “Invert” from the sub-menu; click the “OK” button that appears with the 
inversion layer pop-up menu. 
3. On the right-hand side of the screen under the “LAYERS” section, click on the 
“Background” layer. 
4. From the “Enhance” tab, scroll down to the “Adjust Lighting” option and select 
“Levels…” from the sub-menu; in the resulting pop-up menu, adjust the black and 
white markers in the histogram, followed by the gray marker in the histogram, to 
adjust the levels to the desired positions optimizing the image. 
 
Enhanced RUVIS images were then saved for evaluation. Images were later evaluated 
for the presence of a footwear impression and the amount of background interference 
using the metrics described previously in Table 2 and Table 3. 
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3. RESULTS 
3.1 Control Photograph Results 
3.1.1 Footwear and Impression Control Image Results 
 Upon visual inspection, the photographs of the left and right heel demonstrated 
that both class and individual characteristics were present and could be further evaluated. 
The work shoes were broadly regarded as having a lug design outsole with a clear heel 
section, instep area, and outstep area, all with discrete features. Individual characteristics, 
both those that had naturally occurred from use and the mock damage created, were noted 
for their relative positions and shapes in each area of the heel portion of the outsole. 
Among the individual characteristics were gouge damage, rocks stuck between lugs, 
paper stuck between lugs, Schallamach patterns, and linear cut marks. 
The impression control images clearly demonstrate both the class and individual 
characteristics present (Figure 8). Utilizing the criteria outlined in Table 2 and Table 3, 
all inkless impression control images were scored as “Strong” for the presence of a 
footwear impression and “0” for the amount of background interference observed. All 
experimental images were graded against this baseline for their scores. 
30 
 
Figure 8. Control image of right heel inkless impression in ambient light. The blue arrows indicate 
individualizing characteristics within the right heel impression. Schallamach patterns are evident within the 
heel section and instep region. The class characteristics demonstrate a lug outsole design. This image 
displays a “Strong” impression with grade “0” background interference. 
 
3.1.2 Ambient Light Control Photograph Results 
A visual inspection of the ambient light images revealed no obvious defects in the 
selected substrates. Also, no competing impressions were observed on the substrates. 
 
3.1.3 White Light Control Photograph Results 
Upon visual inspection, the white light images showed no obvious defects in the 
selected substrates. A washing out effect caused by the light source was noted, where the 
substrate was visually lightened by the incident rays of white light. This effect led to 
some loss of a substrate’s underlying pattern or texture. No competing impressions were 
discovered. 
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3.1.4 RUVIS Control Photograph Results 
With a visual inspection of the RUVIS images, no hidden impressions were 
revealed. However, the majority of RUVIS images taken with the 254nm UV light source 
produced a section of repeating interlocked hexagons, regardless of substrate type (Figure 
9). This was determined to be a result of internal reflection of the UV light within the SC-
VIEWER-AD (-220), which has bundles of optical fibers enclosed in its housing (G. 
Setola, personal communication, September 21, 2016). Also, some of the RUVIS images 
of the wood flooring materials showed either bright marks or scratches on the substrate. 
The bright marks correlated to pits in the surface of the material and the size and shape of 
any scratches were noted. It was also noted that RUVIS images could capture reflections 
of light across a substrate. Finally, the RUVIS images included a distinct halo effect that 
reduced the clarity of the picture where it was present and obscured some details within 
the substrate. This blurry ring was not able to be corrected for through focus 
modifications and was present in the same relative position in all RUVIS photographs. 
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Figure 9. White marble tile illuminated with oblique 0° 254 nm UV light. The red dashed line 
highlights an area of internal reflection that results in a section of repeating interlocked hexagons not 
visible in other lighting conditions. 
 
3.2 Ambient Fluorescent Light Photograph Results 
 The physical appearance of a substrate did not change under exposure to ambient 
fluorescent light between control and experimental conditions. Under this light source, 
the substrates were evaluated for the presence of a footwear impression and graded on the 
amount of background interference present (Table 4). All of the substrates had some 
background interference present, with the majority of the materials (11) graded as a “2” 
(Figure 10). 
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Table 4. Ambient fluorescent light results of footwear impression visibility and amount of 
background interference. 
Substrate Footwear Impression Visible 
Amount of Background 
Interference 
Gray-Blue VCT Tile No 2 
Classic Black VCT Tile Strong 2 
Classic White VCT Tile Moderate 2 
Oyster White VCT Tile Moderate 2 
Ceramic Tile No 1 
Marble Tile No 1 
Magazine Paper Weak 3 
Steel Moderate 2 
Aspen Oak Black Vinyl Tile No 2 
Barnwood Vinyl Tile Weak 2 
Hand Scraped Hickory Tuscany 
Wood Tile Weak 2 
Maple Tawny Wheat Wood Tile No 2 
Maple Vintage Natural Wood Tile No 2 
Timber Trail Maple Wood Tile No 2 
Cobblestone Cork Wood Tile No 3 
Coastal Gray Oak Wood Tile No 3 
Natural Oak Wood Tile No 3 
Wire Brushed Oak Sweeney Wood 
Tile Weak 3 
Double Dutch Carpet No 2 
Cobblestone Rugby Carpet No 2 
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Figure 10. Gray-Blue VCT tile with heel impression in dust illuminated with ambient fluorescent 
light. This image demonstrates a “No” rating with grade “2” background interference. 
 
3.3 White Light Photograph Results 
 Substrates exposed directly to white light have a lighter appearance compared to 
their viewing in ambient fluorescent light and it was necessary to modify the camera 
settings in order to correctly capture the desired image. A visual examination of the 
photographs of each substrate exposed to oblique white light at 0°, 15°, and 30° 
determined that the optimal viewing angle was to have the light source at an oblique 0° 
angle, as this both reduced the amount of the picture that could become washed out and 
revealed the highest degree of available detail present. It was also determined that a white 
light source positioned at an oblique 0° angle, but held at a level slightly below the 
surface plane of the substrate, resulted in a high contrast image of the dust impression. 
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Photographs obtained under each of these viewing conditions with a white light source 
were evaluated for the presence of a footwear impression and graded on the amount of 
background interference present (Table 5 and Table 6). 
Table 5. Oblique 0° white light results of footwear impression visibility and amount of background 
interference. 
Substrate Footwear Impression 
Visible 
Amount of Background 
Interference 
Gray-Blue VCT Tile Strong 2 
Classic Black VCT Tile Strong 2 
Classic White VCT Tile Strong 2 
Oyster White VCT Tile Moderate 2 
Ceramic Tile Moderate 2 
Marble Tile Weak 2 
Magazine Paper Moderate 3 
Steel Strong 2 
Aspen Oak Black Vinyl Tile Moderate 3 
Barnwood Vinyl Tile Strong 3 
Hand Scraped Hickory Tuscany 
Wood Tile Moderate 3 
Maple Tawny Wheat Wood Tile Moderate 3 
Maple Vintage Natural Wood Tile Moderate 2 
Timber Trail Maple Wood Tile Strong 2 
Cobblestone Cork Wood Tile Strong 3 
Coastal Gray Oak Wood Tile Moderate 3 
Natural Oak Wood Tile Moderate 3 
Wire Brushed Oak Sweeney Wood 
Tile Strong 2 
Double Dutch Carpet No 3 
Cobblestone Rugby Carpet No 3 
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Table 6. Below the surface plane of the substrate oblique 0° white light results of footwear impression 
visibility and amount of background interference. 
Substrate Footwear Impression 
Visible 
Amount of Background 
Interference 
Gray-Blue VCT Tile Strong 2 
Classic Black VCT Tile Strong 2 
Classic White VCT Tile Strong 2 
Oyster White VCT Tile Strong 2 
Ceramic Tile Strong 2 
Marble Tile Strong 2 
Magazine Paper Moderate 3 
Steel Strong 2 
Aspen Oak Black Vinyl Tile Moderate 3 
Barnwood Vinyl Tile Strong 3 
Hand Scraped Hickory Tuscany 
Wood Tile Strong 3 
Maple Tawny Wheat Wood Tile Strong 2 
Maple Vintage Natural Wood Tile Strong 2 
Timber Trail Maple Wood Tile Strong 2 
Cobblestone Cork Wood Tile Strong 3 
Coastal Gray Oak Wood Tile Strong 3 
Natural Oak Wood Tile Strong 3 
Wire Brushed Oak Sweeney 
Wood Tile Strong 3 
Double Dutch Carpet No 3 
Cobblestone Rugby Carpet No 3 
 
When viewed with oblique white light at 0°, all substrates except carpet produced 
a visible footwear impression in dust (Figure 11). Additionally, a comparison to ambient 
fluorescent light conditions revealed that eight substrates had a one-step increase in their 
grading for the amount of background interference, while one substrate had a one-step 
decrease for its grading of the amount of background interference. 
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Figure 11. Gray-Blue VCT tile with heel impression in dust illuminated with oblique 0° white light. 
This image demonstrates a “Moderate” impression with grade “2” background interference. 
 
 Using 0° oblique white light conditions below the surface plane of the substrate, 
all substrates except carpet produced a visible footwear impression in dust (Figure 12). 
Also, of the 18 substrates yielding a visible impression, all were rated as “Moderate” or 
higher. Both white light viewing conditions produced 18 visible impressions. A 
comparison to the 0° oblique white light conditions revealed that one substrate had a one-
step increase in its grading for the amount of background interference, while one 
substrate had a one-step decrease for its grading of the amount of background 
interference. The “Wire Brushed Oak Sweeney” wood tile substrate was the only material 
to show an increase in its grading. 
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Figure 12. Gray-Blue VCT tile with heel impression in dust illuminated with below the surface plane 
of the substrate oblique 0° white light. This image demonstrates a “Strong” impression with grade “2” 
background interference. 
 
3.4 RUVIS Photograph Results 
 Images of substrates exposed to UV light and captured with a RUVIS appeared 
green in color and the physical appearance, compared to ambient fluorescent light 
viewing through the SC-VIEWER-AD (-220) with the luminol filter in place, changed 
depending on the material’s ability to absorb 254 nm UV light. Better absorbance by a 
material resulted in a substrate turning darker, from shades of light green to black. A 
visual examination of the photographs of each substrate exposed to 254 nm UV light at 
0°, 15°, 30°, 45°, 60°, 75°, and 90° determined that the optimal viewing angle was to 
have the light source at an oblique 0° angle, as this resulted in the best possible images of 
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the footwear impression in dust on the substrate. It was also determined that a 254 nm 
UV light source positioned at an oblique 0° angle, but held at a level slightly below the 
surface plane of the substrate, resulted in a high contrast image of the dust impression. 
Photographs obtained under each of these viewing conditions with a 254 nm UV light 
source were evaluated for the presence of a footwear impression and graded on the 
amount of background interference present (Table 7 and Table 8). 
Table 7. Oblique 0° 254 nm UV light results of footwear impression visibility and amount of 
background interference with a RUVIS. 
Substrate Footwear Impression 
Visible 
Amount of Background 
Interference 
Gray-Blue VCT Tile Strong 2 
Classic Black VCT Tile Strong 2 
Classic White VCT Tile Strong 2 
Oyster White VCT Tile Strong 2 
Ceramic Tile Weak 1 
Marble Tile No 2 
Magazine Paper Weak 3 
Steel Strong 3 
Aspen Oak Black Vinyl Tile Weak 3 
Barnwood Vinyl Tile Weak 3 
Hand Scraped Hickory Tuscany 
Wood Tile Strong 2 
Maple Tawny Wheat Wood Tile Moderate 1 
Maple Vintage Natural Wood Tile Strong 1 
Timber Trail Maple Wood Tile Moderate 1 
Cobblestone Cork Wood Tile Moderate 2 
Coastal Gray Oak Wood Tile Moderate 3 
Natural Oak Wood Tile Strong 2 
Wire Brushed Oak Sweeney Wood 
Tile Moderate 2 
Double Dutch Carpet No 3 
Cobblestone Rugby Carpet No 3 
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Table 8. Below the surface plane of the substrate oblique 0° 254 nm UV light results of footwear 
impression visibility and amount of background interference with a RUVIS. 
Substrate Footwear Impression 
Visible 
Amount of Background 
Interference 
Gray-Blue VCT Tile Strong 1 
Classic Black VCT Tile Strong 1 
Classic White VCT Tile Strong 1 
Oyster White VCT Tile Strong 2 
Ceramic Tile Strong 1 
Marble Tile No 2 
Magazine Paper Moderate 3 
Steel Strong 3 
Aspen Oak Black Vinyl Tile Moderate 3 
Barnwood Vinyl Tile Strong 2 
Hand Scraped Hickory Tuscany 
Wood Tile Strong 1 
Maple Tawny Wheat Wood Tile Moderate 1 
Maple Vintage Natural Wood Tile Strong 1 
Timber Trail Maple Wood Tile Strong 1 
Cobblestone Cork Wood Tile Moderate 2 
Coastal Gray Oak Wood Tile Moderate 2 
Natural Oak Wood Tile Strong 2 
Wire Brushed Oak Sweeney Wood 
Tile Moderate 2 
Double Dutch Carpet No 3 
Cobblestone Rugby Carpet No 3 
 
 Utilizing the RUVIS and a 254 nm UV light at an oblique 0° angle, 17 of the 
substrates produced a visible footwear impression in dust, while the white marble tile and 
two carpet substrates accounted for three materials that did not create a visible impression 
(Figure 13). 
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Figure 13. Gray-Blue VCT tile with heel impression in dust illuminated with oblique 0° 254 nm UV 
light. This image demonstrates a “Strong” impression with grade “2” background interference. 
 
 In comparison to ambient fluorescent light conditions, observations with the 
RUVIS and a 254 nm UV light positioned at an oblique 0° angle showed that six 
substrates had a one-step increase in their grading for the amount of background 
interference and six substrates had a one-step decrease in their grading for the amount of 
background interference. Further comparisons of the amount of background interference, 
this time to oblique white light at 0°, revealed that one substrate had a one-step increase 
in its grading, six substrates had a one-step increase in their grading, and one substrate 
had a two-step decrease in its grading. The steel substrate was the only material to show 
an increase in its grading, while the lone two-step decrease in grading was observed with 
the “Maple Tawny Wheat” wood tile. 
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 With the RUVIS and a 254 nm UV light held at an oblique 0° angle below the 
surface plane of the substrate, 17 substrates produced a visible footwear impression in 
dust and three substrates did not produce a visible footwear impression (Figure 14). Of 
these 17 substrates with a visible footwear impression, all were rated as either “Strong” 
or “Moderate.” Both RUVIS lighting conditions were able to reveal a footwear 
impression in dust on the same 17 substrates. 
 
Figure 14. Gray-Blue VCT tile with heel impression in dust illuminated with below the surface plane 
of the substrate oblique 0° 254 nm UV light. This image demonstrates a “Strong” impression with grade 
“1” background interference. 
 
A comparison of each RUVIS lighting condition to one another showed that the 
RUVIS and below the surface plane of the substrate 254 nm UV light at an oblique 0° 
angle generated no instances of an increase in the amount of background interference and 
six substrates with a one-step decrease in the amount of background interference. An 
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additional comparison between the white light at an oblique 0° angle positioned below 
the surface plane of the substrate to the RUVIS and 254 nm UV light at an oblique 0° 
angle positioned below the surface plane of the substrate revealed that the amount of 
background interference for one substrate had a one-step increase in its grading, 12 
substrates had a one-step decrease in their grading, and one substrate had a two-step 
decrease in its grading. The steel substrate was the only material to show an increase in 
its grading, while the lone two-step decrease in grading was observed with the “Hand 
Scraped Hickory Tuscany” wood tile. 
 
3.5 Image Enhancement Results 
3.5.1 White Light Image Enhancement Results 
 Enhanced white light images created from the oblique 0° photographs have a 
distinct dark conical area that is related to the position of the light source, which is found 
to be generally reduced in overall size with a more even distribution in the photographs 
taken with the light source below the surface plane of the substrate. Each group of 
enhanced white light images was evaluated for the presence of a footwear impression and 
graded on the amount of background interference present (Table 9 and Table 10). 
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Table 9. Enhanced oblique 0° white light image results of footwear impression visibility and amount 
of background interference. 
Substrate Footwear Impression 
Visible 
Amount of Background 
Interference 
Gray-Blue VCT Tile Weak 3 
Classic Black VCT Tile Strong 3 
Classic White VCT Tile Moderate 2 
Oyster White VCT Tile Moderate 2 
Ceramic Tile Weak 2 
Marble Tile Weak 2 
Magazine Paper Weak 3 
Steel Strong 2 
Aspen Oak Black Vinyl Tile Weak 3 
Barnwood Vinyl Tile Moderate 3 
Hand Scraped Hickory Tuscany 
Wood Tile Weak 3 
Maple Tawny Wheat Wood Tile Weak 3 
Maple Vintage Natural Wood Tile Moderate 2 
Timber Trail Maple Wood Tile Weak 3 
Cobblestone Cork Wood Tile Moderate 3 
Coastal Gray Oak Wood Tile Weak 3 
Natural Oak Wood Tile Weak 3 
Wire Brushed Oak Sweeney Wood 
Tile Strong 2 
Double Dutch Carpet No 3 
Cobblestone Rugby Carpet No 3 
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Table 10. Enhanced below the surface plane of the substrate oblique 0° white light image results of 
footwear impression visibility and amount of background interference. 
Substrate Footwear Impression 
Visible 
Amount of Background 
Interference 
Gray-Blue VCT Tile Moderate 3 
Classic Black VCT Tile Strong 3 
Classic White VCT Tile Moderate 3 
Oyster White VCT Tile Moderate 2 
Ceramic Tile Strong 3 
Marble Tile Strong 3 
Magazine Paper Moderate 3 
Steel Strong 2 
Aspen Oak Black Vinyl Tile Moderate 3 
Barnwood Vinyl Tile Strong 3 
Hand Scraped Hickory Tuscany 
Wood Tile Moderate 3 
Maple Tawny Wheat Wood Tile Moderate 3 
Maple Vintage Natural Wood Tile Moderate 3 
Timber Trail Maple Wood Tile Strong 3 
Cobblestone Cork Wood Tile Strong 3 
Coastal Gray Oak Wood Tile Strong 3 
Natural Oak Wood Tile Strong 3 
Wire Brushed Oak Sweeney 
Wood Tile Strong 3 
Double Dutch Carpet No 3 
Cobblestone Rugby Carpet No 3 
 
 There were 18 enhanced images of substrates illuminated with oblique 0° white 
light that yielded a visible footwear impression (Figure 15). Both carpet substrates failed 
to produce a visible impression. 
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Figure 15. Enhanced image of Gray-Blue VCT tile with heel impression in dust illuminated with 
oblique 0° white light. This image demonstrates a “Weak” impression with grade “3” background 
interference and includes the distinct dark conical area related to the position of the white light source. 
 
 For the enhanced images of below the surface plane of the substrate 0° oblique 
white light conditions, all substrates but carpet produced a visible footwear impression in 
dust (Figure 16). Also, of the 18 substrates yielding a visible impression, all were rated as 
“Moderate” or higher. Both sets of enhanced images for white light viewing conditions 
produced 18 visible impressions. 
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Figure 16. Enhanced image of Gray-Blue VCT tile with heel impression in dust illuminated with 
below the surface plane of the substrate oblique 0° white light. This image shows a “Moderate” 
impression with grade “3” background interference and a reduction in the dark conical area. 
 
A comparison of both sets of enhanced images of white light viewing conditions 
to one another revealed that five substrates had a one-step increase in their grading for the 
amount of background interference, while the remaining 15 grades remained equal. 
 
3.5.2 RUVIS Image Enhancement Results 
 Enhanced RUVIS images created from the oblique 0° photographs have a 
noticeable dark semi-circular area that is related to the position of the 254 nm UV light 
source, which in the below the surface plane of the substrate 0° oblique photographs is 
found to be generally reduced in overall appearance with a more even distribution. Each 
group of enhanced RUVIS images was evaluated for the presence of a footwear 
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impression and graded on the amount of background interference present (Table 11 and 
Table 12). 
Table 11. Enhanced oblique 0° 254 nm UV light image results of footwear impression visibility and 
amount of background interference with a RUVIS. 
Substrate Footwear Impression 
Visible 
Amount of Background 
Interference 
Gray-Blue VCT Tile Moderate 2 
Classic Black VCT Tile Strong 2 
Classic White VCT Tile Moderate 3 
Oyster White VCT Tile Moderate 3 
Ceramic Tile Weak 3 
Marble Tile No 3 
Magazine Paper Weak 3 
Steel Strong 2 
Aspen Oak Black Vinyl Tile Weak 3 
Barnwood Vinyl Tile Weak 3 
Hand Scraped Hickory Tuscany 
Wood Tile Moderate 2 
Maple Tawny Wheat Wood Tile Weak 2 
Maple Vintage Natural Wood Tile Moderate 1 
Timber Trail Maple Wood Tile Moderate 2 
Cobblestone Cork Wood Tile Moderate 3 
Coastal Gray Oak Wood Tile Moderate 3 
Natural Oak Wood Tile Moderate 3 
Wire Brushed Oak Sweeney Wood 
Tile Moderate 3 
Double Dutch Carpet No 3 
Cobblestone Rugby Carpet No 3 
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Table 12. Enhanced below the surface plane of the substrate oblique 0° 254 nm UV light image 
results of footwear impression visibility and amount of background interference with a RUVIS. 
Substrate Footwear Impression 
Visible 
Amount of Background 
Interference 
Gray-Blue VCT Tile Strong 2 
Classic Black VCT Tile Strong 2 
Classic White VCT Tile Strong 2 
Oyster White VCT Tile Moderate 2 
Ceramic Tile Moderate 2 
Marble Tile No 3 
Magazine Paper Moderate 3 
Steel Strong 3 
Aspen Oak Black Vinyl Tile Weak 3 
Barnwood Vinyl Tile Strong 2 
Hand Scraped Hickory Tuscany 
Wood Tile Moderate 2 
Maple Tawny Wheat Wood Tile Weak 2 
Maple Vintage Natural Wood Tile Strong 2 
Timber Trail Maple Wood Tile Moderate 2 
Cobblestone Cork Wood Tile Moderate 3 
Coastal Gray Oak Wood Tile Moderate 2 
Natural Oak Wood Tile Moderate 2 
Wire Brushed Oak Sweeney Wood 
Tile Moderate 3 
Double Dutch Carpet No 3 
Cobblestone Rugby Carpet No 3 
 
 Enhanced RUVIS images of substrates illuminated with 254 nm UV light at an 
oblique 0° angle produced a visible footwear impression in dust on 17 of the substrates, 
while the white marble tile and two carpet substrates accounted for 3 materials that did 
not create a visible impression (Figure 17). 
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Figure 17. Enhanced image of Gray-Blue VCT tile with heel impression in dust illuminated with 
oblique 0° 254 nm UV light. This image demonstrates a “Moderate” impression with grade “2” 
background interference. 
 
 In comparison to enhanced oblique 0° angle white light images, enhanced RUVIS 
images of a 254 nm UV light positioned at an oblique 0° angle showed 5 substrates had a 
one-step increase in their grading for the amount of background interference and 5 
substrates had a one-step decrease in their grading for the amount of background 
interference. 
 With the enhanced RUVIS images of substrates illuminated by 254 nm UV light 
at an oblique 0° angle positioned below the surface plane of the substrate, 17 substrates 
produced a visible footwear impression in dust and three substrates, white marble tile and 
both carpet samples, did not produce a visible footwear impression (Figure 18). Both sets 
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of enhanced RUVIS images were able to reveal a footwear impression in dust on the 
same 17 substrates. 
 
Figure 18. Enhanced image of Gray-Blue VCT tile with heel impression in dust illuminated with 
below the surface plane of the substrate oblique 0° 254 nm UV light. This image demonstrates a 
“Strong” impression with grade “2” background interference. 
 
A comparison of each set of enhanced RUVIS images to one another showed that 
the enhanced RUVIS images produced with 254 nm UV light at an oblique 0° angle 
positioned below the surface plane of the substrate generated two substrates with a one-
step increase in the amount of background interference and six instances of a one-step 
decrease in the amount of background interference. An additional comparison between 
the enhanced images produced with white light at an oblique 0° angle positioned below 
the surface plane of the substrate to the enhanced RUVIS images produced with 254 nm 
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UV light at an oblique 0° angle positioned below the surface plane of the substrate 
revealed that the amount of background interference for one substrate had a one-step 
increase in its grading and 11 substrates had a one-step decrease in their grading. The 
steel substrate was the only material to show an increase in its grading. 
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4. DISCUSSION 
4.1 Ambient Fluorescent Light Experimental Photographs 
Photographs of footwear impressions in dust illuminated with ambient fluorescent 
light proved to be the most difficult conditions under which a footwear impression could 
be visualized. Altogether, there were six of eight material types (VCT, ceramic, marble, 
vinyl, wood, and carpet) that were rated as “No” for the visualization of a footwear 
impression in ambient light conditions. This was not entirely unexpected and can 
potentially be explained by the physical properties of the dust, substrate, and light source. 
 One contributing characteristic was the color of the dust in relation to the color of 
the substrate. The vacuum collected dust was observed to have a white-gray hue, which 
was able to blend in with similarly colored substrates but contrast strongly against darker 
backgrounds. This might explain why an impression was not observed on the Blue-Gray 
VCT, ceramic tile, and marble tile, but was easily visible on the Classic Black VCT. It 
was also observed that certain lighter colored backgrounds were able to provide moderate 
contrast, such as the Classic White VCT, Oyster White VCT, and steel sheet metal. It 
remains possible that the inherent reflective qualities of lighter media and substrates, 
compared to their darker counterparts, may also account for this observation. 
Another characteristic to consider is the texture of the substrate being evaluated. 
A smooth, non-porous substrate is expected to provide a surface on which the dust can 
rest uniformly, while a rough substrate provides areas for the dust to settle into and can 
cast shadows that obscure the observer’s view. The vinyl, wood, and carpet substrates 
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exemplified this aspect with faux wood grain, real wood grain and wood knots, and the 
uneven heights of fibers, respectively. 
Additionally, the position of the fluorescent lighting in a room relative to the dust 
impression contributes to the amount of visibility. A lighting fixture attached to the 
ceiling provides a top-down illumination setting, while a lighting fixture attached to a 
wall illuminates objects horizontally. The ambient fluorescent light fixture in this 
experiment was attached to the ceiling, so the rays of incident light striking the dust were 
likely to have come down at angles between 45° and 90°. This appeared to hinder the 
reflection of light rays from the dust back to the camera lens. It is unclear how much of 
the light is being reflected or scattered by the dust or if the substrate contributes to this 
property. 
Lastly, it is important to consider the combination of these characteristics. Acting 
in concert, it is possible to understand how a gray colored substrate with a rough texture 
illuminated by a top-down light source could hide a dust impression. Likewise, the best 
results for ambient fluorescent light were observed with the Classic Black VCT, which is 
a dark colored substrate with a smooth surface. This information confirms the need to 
utilize additional exploratory techniques that can overcome the obstacles in the way of 
capturing an image of a footwear impression in dust. 
 
4.2 White Light Experimental Photographs 
 Utilizing oblique white light to visualize footwear impressions in dust vastly 
improved upon the results observed with ambient fluorescent light. Of the three oblique 
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angles explored, 0° white light produced the best contrast and clarity of the impression 
against the substrate. Generally, white light can wash out the subject it is directed at and 
this effect was seen when utilizing the 15° and 30° oblique angles. An attempt at 
modifying the camera settings for ISO, shutter speed, and aperture did not resolve the 
wash out effect. Light source intensity certainly played a role in how much of an image 
was blown out by a hotspot, but the light source intensity was held constant for the white 
light images. Thus, a determination was made that the optimal photographs with a white 
light source were produced using an oblique 0° angle (Figure 19). 
 
Figure 19. Comparison of Classic Black VCT tile with left heel impression illuminated in oblique 
white light at three different angles. (A) Illumination with 0° oblique white light. (B) Illumination with 
15° oblique white light. (C) Illumination with 30° oblique white light. 
 
 Footwear impressions were visible in oblique 0° white light for all substrates 
except carpet. This accounts for 10 additional observed footwear impressions in dust that 
were not visible in ambient fluorescent light. However, the amount of perceived 
background interference for substrates viewed in oblique 0° white light tended to remain 
equal to or higher than the grade assigned when they were observed in ambient 
fluorescent light. 
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 Both observations are likely the result of the same effect taking place. A low 
angled white light source created better contrast between three-dimensional areas, like the 
height of the dust on the substrate surface, and two-dimensional characteristics, such as 
varying colors on a substrate. The ambient light source position created top-down 
illumination and failed to produce differentiation between areas of the impression against 
the material it was placed upon. Having the white light source move to a low angle 
position allowed the light to skim across the top of the surface and expose aspects of 
texture. Furthermore, light initially refracted by the dust was then able to encounter other 
areas of dust that could reflect the light towards the camera lens. 
 Being able to reposition the white light source at oblique angles improved the 
visibility of the footwear impression over the fixed ambient fluorescent light source, but 
many of these white light rays were emitted at angles that did not reach the footwear 
impression. The light leaving the white light source is being emitted in a conical shape 
that unevenly illuminates the substrate (Figure 20). Therefore, holding the white light 
source below the surface plane of the substrate was explored in an attempt to improve the 
illumination of the entire substrate. With the white light source remaining at an oblique 
0° angle, but held slightly below the height of the substrate, the same 18 substrates 
produced a visible footwear impression in dust; however, 16 substrates were assigned a 
rating of “Strong.” The details in the footwear impressions were easier to observe with 
the white light source held below the surface plane of the substrate. Of these 18 
substrates, 16 maintained the same grade for the amount of background interference. 
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Figure 20. Conical emission of white light from white light source. (A) Top down view of substrate 
illuminated by a cone of white light. (B) Side view of substrate illuminated by a cone of white light. 
 
 Again, this increase in visibility is likely explained by the position of the light 
source. The combined low angle and excess light blocking allows for another step up in 
contrast. One interpretation is that the blocked area of the light source eliminated a 
portion of the available light rays, so the number of parallel rays traveling across the 
substrate were in greater abundance (L. Hammer, personal communication, November 
17, 2016). The parallel rays were more likely to travel further across the substrate and 
encounter an object that could be illuminated. An increase in the number of encountered 
objects also lends itself to the possibility that the number of refracted and reflected light 
rays had increased through scattering of the light. A general increase would allow for 
more reflected rays of light reaching the camera lens and being captured 
photographically. 
 Oblique 0° below the surface plane of the substrate white light illumination does 
have some practical drawbacks. For example, the light source cannot be placed below a 
floor at a crime scene. Nevertheless, the technique could be used to illuminate elevated 
surfaces present at a crime scene, including desktops, shelves, sills, tables, and other 
Light Source 
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A 
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B 
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similar areas where footwear impressions in dust are suspected. Lab use would depend on 
established protocols for dust impression evidence, but has the potential application for 
re-evaluation of gelatin lifters and electrostatic dust lifters (ESDL) of footwear 
impressions in dust. 
 
4.3 RUVIS Experimental Photographs 
 The use of a RUVIS system with a 254 nm UV light source was found to cause an 
overall reduction of background interference for a number of substrates in comparison to 
both ambient and white light conditions. There were seven different angles investigated 
in 15° intervals, from 0° to 90°, and the oblique 0° illumination was consistently most 
effective in producing a visible footwear impression, while reducing the amount of 
background interference captured in images. One consistent issue was that the 254 nm 
UV lamp imparted a clear section of wash out, similar to the hot spots created by white 
light. This was seen as an intense white area emanating from the direction of the UV light 
source. Without an intensity control on the UV light source, the RUVIS required the user 
to modify the camera settings and the SC-VIEWER-AD (-220) setup to optimize the 
resulting image and attempt to balance the lighting. 
 Additional considerations regarding the SC-VIEWER-AD (-220) setup were also 
made to accommodate for the physical characteristics of the RUVIS lens system affecting 
the photograph. The RUVIS system is frequently utilized with fingerprint evidence, 
where the magnification power of the SC-VIEWER-AD (-220) is quite useful in 
revealing the minutiae of ridge details34,39. However, this same magnification power 
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complicated the setup needed to capture a complete footwear impression and was 
problematic enough to warrant examining only heel impressions. To counteract the 
magnification, the SC-VIEWER-AD (-220) was attached to a tripod at a height of 93 cm. 
This working distance was quite extreme but still provided the clarity necessary to 
distinguish class and individual characteristics related to the footwear impression. 
  Other issues with RUVIS images included the presence of a halo, where the 
picture was blurred and appeared out of focus (Figure 21). This problem remained 
unsolved, as focus adjustments did not reduce the effect. An explanation offered from the 
RUVIS manufacturer was that the blurred ring is an inherent issue caused by the 
interaction of the UV intensifier with the 60 mm quartz lens when viewing 254 nm UV 
light (W. Hiller, personal communication, January 30, 2017). This optical artifact is not 
considered to be a spherical aberration within the SC-VIEWER-AD (-220), the camera 
lens, or a combination of the two lens systems together. 
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Figure 21. Classic White VCT tile illuminated with oblique 0° 254 nm UV light. The area between the 
dashed lines represents the blurred ring, halo effect. 
 
 When scoring the RUVIS images, it was found that footwear impressions were 
visible in oblique 0° 254 nm UV light for all substrates except marble tile and carpet. 
This accounts for nine additional observed footwear impressions in dust that were not 
visible in ambient fluorescent light. Assessing the amount of perceived background 
interference for substrates viewed in oblique 0° 254 nm UV light compared to ambient 
fluorescent light provided mixed results, with most substrates graded as equal to or 
having a one-step increase in background interference, but also producing six substrates 
graded as having a one-step decrease in background interference. 
 Continuing with evaluations of different light sources, the visibility of a footwear 
impression in dust illuminated with oblique 0° 254 nm UV light was similar to that found 
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with oblique 0° white light. There were 17 substrates that produced a visible impression, 
and the same number of “Strong” ratings (eight) were assessed, while four fewer 
“Moderate” and three more “Weak” ratings were assigned, compared to the oblique 0° 
white light scores. The biggest shifts in visibility were noted with the vinyl substrates, 
where the RUVIS images both scored lower, and with the marble tile, which no longer 
had a visible impression. 
 A departure from the oblique 0° white light photographs was noted when grading 
the oblique 0° 254 nm UV light RUVIS images for the amount of background 
interference. Despite both lighting conditions sharing 12 substrates with equal 
background interference grades, there were six grades showing a one-step decrease and 
one grade demonstrating a two-step decrease. Five of the reduced grades occurred with 
wood substrates, including the two-step change in grade. This is probably accounted for 
by the ability of organic materials to better absorb UV light38. 
 Much like the conical emission of light from the white light source, the UV light 
source also emitted light at various angles that could not all reach the footwear 
impression. The rays of UV light were emitted in a trapezoidal prism (Figure 22). 
Therefore, it was necessary to search the substrates with UV light placed in a below the 
surface plane of the substrate position. With the UV light source remaining at an oblique 
0° angle, but held slightly below the height of the substrate, the same 17 substrates seen 
with oblique 0° 254 nm UV light produced a visible footwear impression in dust; 
however, 11 substrates had been assigned a rating of “Strong” and six substrates had been 
assigned a rating of “Moderate.” Once again, the details in the footwear impressions had 
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become easier to observe. Furthermore, a one-step reduction in grade for the amount of 
background interference was observed for approximately one third of those substrates 
producing a visible impression. 
 
Figure 22. Trapezoidal prism emission of UV light from UV light source. (A) Top down view of 
substrate illuminated by a trapezoidal prism of UV light. (B) Angled view of substrate illuminated by a 
trapezoidal prism of UV light. 
 
 When considered against equivalent white light conditions, the RUVIS images of 
substrates illuminated with oblique 0° below the surface plane of the substrate 254 nm 
UV light demonstrated similar visibility of footwear impressions in dust and better 
reduction in the amount of background interference. Both below the plane white light and 
RUVIS 254 nm UV light pictures had no “Weak” ratings assigned. Footwear impressions 
were generally easier to see and scored higher than oblique 0° lighting conditions. 
A strong departure in scoring was observed when evaluating the amount of 
background interference. The RUVIS photographs of substrates illuminated with oblique 
0° below the surface plane of the substrate 254 nm UV light revealed that the majority of 
substrates had a reduction in background interference when contrasted with oblique 0° 
below the surface plane of the substrate white light. Of the 13 reduced grades, 12 were a 
one-step decrease and one was a two-step decrease. Each of the wood substrates and 3/4 
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of the VCT tiles had a decrease in their grade, with the Oyster White VCT tile grade 
remaining unchanged. 
These results suggested that the below the plane RUVIS images benefitted from 
the combined effect of the greater abundance of parallel rays and the inherent ability of a 
material to absorb 254 nm UV light. Much like the mechanism that below the plane white 
light seems to have undergone, the UV light can be scattered by the dust particles42. Any 
UV light that is not immediately reflected and detected by the RUVIS can continue to 
travel into proximal objects and generate additional opportunities for the detection of 
reflected rays or the absorption of those rays by a material42. An increase in the number 
of times refracted light is encountering another dust particle and is then reflected towards 
the RUVIS may be occurring, too. Also, the reduction in the angle of the UV light source 
does not necessarily increase the absorption capabilities of a substrate, but it does spread 
the light more evenly across the surface area and reduce the wash out effect. This is one 
way to explain why there was a decrease in background interference grades for certain 
substrates between the two UV lighting conditions. 
Both sets of 254 nm UV light RUVIS photographs demonstrated an advantage 
over ambient lighting conditions, revealing a visible footwear impression in dust on a 
greater number of substrates and with a greater reduction in the amount of background 
interference. Being able to maneuver a UV light source in order to achieve an oblique 
angle presents a distinct advantage over immobile ambient light sources in this 
application. An evaluation of RUVIS images against white light images is more 
ambiguous, as white light photographs tend to have better impression visibility but 
64 
RUVIS photographs provide less background interference. A combined approach that 
examined both white light and RUVIS images of an impression on a given substrate is 
likely to yield the best overall results. 
 
4.4 Image Enhancement 
Enhanced white light and RUVIS images were created in an effort to investigate 
whether a better contrast between an impression and the substrate could be achieved and 
whether the ability to further reduce background interference was possible. This process 
relied upon the ability of photo-editing software to detect precise pixel information and 
adjust that data in a controlled and deliberate fashion. An ideal enhanced image would 
most closely represent the control photographs of the inkless impressions. 
 
4.4.1 White Light Image Enhancement 
 Enhanced oblique 0° white light images presented a set of mixed results. All 
substrates except carpet produced a visible footwear impression, but more than half of 
these images were assigned a “Weak” rating. Also, the amount of background 
interference was perceived to be a grade “2” or grade “3” for all substrates. Altogether, 
the enhancement of the oblique 0° white light pictures did not appear to have a positive 
effect. 
 A review of the enhanced oblique 0° below the surface plane of the substrate 
white light images showed them to be an improvement upon footwear impression 
visibility, but tended to increase the amount of background interference represented for 
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certain materials. This set of enhanced pictures had a footwear impression visible on all 
substrates except carpet; for those substrates with a visible impression, assigned ratings 
were either “Strong” or “Moderate.” Simultaneously, the amount of background 
interference present largely remained consistent with the oblique 0° white light scores, 
with 5 substrates receiving a grade that was a one-step increase. 
 The resulting enhanced white light images were not overwhelmingly impressive 
and rarely approximated an image that resembled the control inkless impression 
photographs. Rather, the oblique white light conditions tended to expose surface textures 
very well, which were not as noticeable with color images. Essentially, the gray-scale 
aspect of the enhanced pictures highlighted the lack of uniformity created by the surface 
area and existing shadows that would normally blend into the full color background. This 
has the potential to obscure the analyst’s interpretation of Schallamach patterns within the 
impression. Perhaps exacerbating the issue was the amount of area affected by wash out 
from the light source. Bright spots appeared as dark areas and could unintentionally 
introduce a large amount of interference. Therefore, a selective utilization of the 
enhancement technique for white light photographs is recommended. 
 
4.4.2 RUVIS Image Enhancement 
 The enhanced oblique 0° 254 nm UV light RUVIS images were encouraging. 
Only 3 substrates, both carpet samples and the marble tile, failed to produce a visible 
footwear impression. A majority of the pictures with a visible impression were rated as 
“Moderate.”  Grades for the amount of background interference were mostly scored as a 
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“3” or “2” with one substrate receiving a grade of “1.” Compared to the enhanced oblique 
0° white light images, the enhanced oblique 0° 254 nm UV light RUVIS pictures did 
show a one-step decrease in background interference grades for six substrates, but a 
majority of the substrates had either an equivalent grade or one-step increase in their 
grade. 
 Observations of the enhanced oblique 0° 254 nm UV light below the surface 
plane of the substrate RUVIS images revealed slightly better results than those obtained 
with the enhanced oblique 0° 254 nm UV light RUVIS images (Figure 23). Footwear 
impressions were visible on 17 substrates, excluding both carpet samples and the marble 
tile. Of these visible impressions, a greater number were scored as “Strong” and fewer 
were scored as “Weak.” Background interference grades remained equivalent for most 
substrates, but a one-step increase was noted for 30% of the total number of substrates 
viewed. 
 
Figure 23. Comparison of enhanced RUVIS images of Gray-Blue VCT tile with heel impression in 
dust. (A) Enhanced image of Gray-Blue VCT tile with heel impression in dust illuminated with oblique 0° 
254 nm UV light. (B) Enhanced image of Gray-Blue VCT tile with heel impression in dust illuminated 
with oblique 0° 254 nm UV light positioned below the surface plane of the substrate. 
 
67 
 An additional comparison examined the enhanced oblique 0° 254 nm UV light 
RUVIS pictures against their white light counterpart. The footwear impression visibility 
observations were found to be largely similar, despite the enhanced below the surface 
plane white light images yielding slightly more “Strong” ratings and no “Weak” ratings. 
A distinct advantage for the enhanced below the surface plane RUVIS photographs was 
seen with the reduction in the amount of background interference. Over half of the 
images scored a one-step decrease in their grade compared to their enhanced below the 
surface plane white light picture complement. 
 Only an occasional enhanced RUVIS image would approach the observed 
characteristics of the control inkless impression photographs. Unlike the enhanced white 
light pictures, enhanced RUVIS images benefitted from the more uniform dropout of the 
background interference and lack of visible surface textures. Histogram adjustments in 
the photo-editing software were more likely to result in some level of background 
removal, allowing the visible impression to be seen more clearly. Unfortunately, the 
limitations of the RUVIS still subjected the enhanced images to focus issues that were not 
addressed through the described enhancement procedures. Enhanced RUVIS images were 
also subject to the presence of a bright spot, which could pose a challenge by creating a 
dark area that limited the ability to achieve sharper contrast. In many instances, it 
appeared that a composite analysis of the enhanced white light and RUVIS image could 
provide more information than any one picture on its own. 
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5. CONCLUSIONS 
 The use of a RUVIS to capture photographs of footwear impression evidence in 
dust represents a secondary non-destructive photographic collection technique that can be 
paired with traditional oblique white light procedures. When footwear impression 
evidence in dust is located, it is important to maintain and document the original 
impression prior to collection with a gelatin lifter or ESDL. Oblique white light 
techniques can provide better visibility than ambient lighting conditions, but they often 
highlight surface textures and create additional background interference in pictures. 
Meanwhile, the RUVIS procedures help capture photographs that provide similar 
visibility of the impression but demonstrate superior background interference dropout. 
Additionally, the RUVIS technique would occur prior to any physical interaction with the 
dust, provide a stable photographic medium for future reference, and can be stored easily 
in a digital format. These advantages offered by the RUVIS examination are somewhat 
tempered by the clarity issues noted with the halo effect. Some RUVIS images may 
demonstrate a reduction in the sharpness of details, which a subsequent lifting technique 
would better capture. Overall, an analyst can work with the combination of white light 
and RUVIS photography enhancement processes to produce images that optimize their 
observations of class characteristics and individual characteristics, prior to employing a 
lifting method. 
 Oblique 0° below the surface plane of the substrate lighting techniques 
outperformed their standard oblique 0° lighting complements for both white light and 254 
nm UV light sources. Generally, the contrast of images was superior and allowed for an 
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increase in the visualization of an impression on a substrate. Also, the RUVIS images 
demonstrated a marked improvement in their ability to reduce the amount of background 
interference. This process is easily adaptable for use at both a crime scene and within a 
crime laboratory. If case circumstances suggest that a dust impression may be present, it 
behooves the analyst to attempt below the surface plane lighting techniques before 
making an attempt to collect the impression. Eventually, all photographs and lifts will be 
utilized as part of the examination in order to produce a comprehensive replication of the 
evidence. Therefore, a combined review of white light and RUVIS photographs would 
assist the investigation of class and individual characteristics before incorporating the 
additional information from analyzing any subsequent lifts. 
 Image enhancement procedures can provide additional information within both 
white light photographs and RUVIS images; however, these procedures should be 
performed cautiously. Enhanced pictures of footwear impressions in dust illuminated 
with white light or 254 nm UV light often did not present better visibility or a decrease in 
background interference over their unedited counterparts. However, intragroup 
comparisons demonstrated that the enhanced white light images provided better footwear 
impression visibility and enhanced RUVIS images provided better reduction for the 
amount of background interference. Generally, enhanced images of below the surface 
plane lighting conditions for both white light and UV light sources performed best. Once 
more, the results suggested that an examination should involve observations of both an 
enhanced white light and a RUVIS photograph of the same dust impression. 
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6. FUTURE DIRECTIONS 
 Additional research is warranted in several areas, as this study was somewhat 
limited in its exploration of the complexity of footwear impressions in dust, comparison 
to other established dust impression collection methodologies, and range of UV light 
wavelengths that can be utilized successfully with a RUVIS. This list is not exclusive, but 
provides some key topics for investigation. 
 It is important to consider more complex footwear impressions in dust, as 
controlled experimental samples are not always representative of evidence found at a 
crime scene. This includes an exploration of overlapping and partial impressions in dust, 
as well as the effects of varying deposition pressure. Additionally, looking at several 
types of footwear, such as athletic shoes, dress shoes, cleats, and sandals, to see if distinct 
differences in impression appearance can be detected among different footwear would be 
necessary. Having available examples of different class characteristics and how 
individual characteristics may appear among those various classes would be valuable. 
 Another area to investigate is whether current dust collection methodologies, like 
gelatin lifters and electrostatic dust lifters, provide comparable results as those found with 
the RUVIS. Photographs of footwear impressions in dust can be captured with a RUVIS, 
then collected by gelatin lifter or ESDL. Images of the gelatin lifter or ESDL can then be 
acquired and compared directly to RUVIS images for the level and number of details 
observed. It may also be of value to note whether any distortion of the impression, and to 
what degree, occurs during the physical collection process. 
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 Finally, an exploration of a range of UV light wavelengths would be helpful in 
defining the differences that occur, if any, in impression detail acquisition and substrate 
background dropout. A candidate wavelength from each conventional UV region (i.e. 
UVA, UVB, and UVC bands) should be selected, including 365 nm, 312 nm, and 254 nm 
UV light. It may be important to utilize particular UV light wavelengths with certain 
materials or types of dust to ensure optimal photographic results. 
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